Abstract
METHODS
This was a longitudinal single tertiary center study based on prospectively collected data (recorded in a clinical database created for this purpose) performed between March 2010 and November 2014. Crohn's disease (CD) patients with anastomotic stricture who submitted to postoperative endoscopic evaluation were included. Stools were collected on the day before bowel cleaning for FC and FL. Endoscopic balloon dilation (EBD) was performed if the patient presented an anastomotic stricture not traversed by the colonoscope, regardless of patients' symptoms. Successful dilation was defined as passage of the colonoscope through the dilated stricture into the neotermimal ileum.
INTRODUCTION
Crohn's disease (CD) is a chronic inflammatory disorder with progression to penetrating or stricturing phenotype as part of the natural history. More than half of CD patients experience these complications during disease lifetime and will need surgery [1, 2] . It is well known that disease recurrence proximal or at the anastomosis is almost universal, with progression to luminal narrowing and stricturing behavior [3] . It is known that despite the permanent reduction of luminal caliber and disease progression, the majority of patients remain asymptomatic, with normal biomarkers. As the primary therapeutic goal of CD has shifted from clinical remission to achieving mucosal healing [4, 5] , it may be important to access the mucosa proximal to strictures to evaluate disease recurrence and escalate therapy if needed. Over the last decade there is increasing evidence for endoscopic balloon dilation (EBD) as a safe and minimally invasive effective method for the treatment of stricturing disease [6] [7] [8] [9] [10] [11] [12] [13] [14] . Median technical success has been reported as 90%, with major complication rate around 3%-10% [6, 9, 10] . Symptomatic recurrence is common, with a reported frequency ranging from 13% to 100% [12] . However, it has been shown that repeated dilations do not reduce the efficacy of the procedure and may prevent surgery in compliant patients [8] [9] [10] [11] [12] . Fecal markers, namely fecal calprotectin (FC) and fecal lactoferrin (FL), have proved to be useful and accurate non-invasive tools in evaluating disease activity in CD. Recent works have also demonstrated their validity in diagnosing recurrence in the postoperative setting, suggesting that normal values of fecal biomarkers can obviate the need for endoscopic evaluation [15] [16] [17] [18] . In patients with elevated levels of fecal biomarkers, endoscopy should be performed in order to confirm recurrence and escalate therapy if indicated [19] . To our knowledge there are no studies evaluating the performance of FC and FL in patients with asymptomatic anastomotic CD strictures and limited data is available on the long-term effect of medical therapy escalation after balloon dilation of anastomotic strictures.
The aims of this study were, therefore, to evaluate the accuracy of FC and FL in the diagnosis of recurrent disease in the neoterminal ileum in asymptomatic/mild disease patients that had undergone bowel resection for CD and present with stricture of the anastomosis, to evaluate the best cut-off value of FC and FL to diagnose recurrence, and to evaluate the immediate technical success and safety rate of EBD.
MATERIALS AND METHODS
A longitudinal single tertiary center study based on prospectively collected data (recorded in a clinical database created for this purpose), was performed between March 2010 and November 2014. All patients gave informed written consent to participate in the study that was approved by the Ethics Committee of our Institution. From a cohort of consecutive CD patients who submitted to postoperative endoscopic evaluation after ileocolectomy, we selected the group of patients with anastomotic stricture. All patients were followed at our inflammatory bowel disease (IBD) outpatient clinic and were referred for endoscopic evaluation at our institution.
Inclusion criteria were definitive diagnosis of CD established by standard clinical, radiographic, endoscopic and histological criteria [20] , previous ileocolectomy, and existence of an anastomotic stricture. Exclusion criteria were: age less than 18-years-old; strictures length greater than 6 cm; fistulae or deep ulceration of the strictured segment; technical impossibility of passing the catheter/balloon through the strictures; and active disease in the colon or upper digestive tract.
Clinical disease activity was assessed on the day of endoscopic examination, according to the clinical criteria of the Harvey-Bradshaw index (HBI) [21, 22] . Clinically inactive disease was defined as HBI < 5. All procedures were performed under propofol sedation, with CO2 insufflation, by a single senior endoscopist (SL) and on an outpatient basis. Mechanical intestinal bowel preparation was done the day before colonoscopy with polyethylene glycol bowel preparation solution (Klean Prep ® ; Helsinn Birex Pharmaceuticals, Dublin, Ireland). Stool samples were collected the day before beginning bowel preparation (preferably from the first stool in the morning) and then kept in the refrigerator until being brought to the hospital. For FC, within a maximum 7 d after collection, stools were extracted in accordance with the manufacturer's instructions, using the Fecal Sample Preparation Kit (Roche Diagnostics, Mannheim, Germany) and analyzed using immunoassay (EliA Calprotectin ® ;
Thermo Fisher Scientific, Freiburg, Germany). For FL evaluation, stools were stored at -80 ℃ upon arrival at the laboratory, and samples were thawed and analyzed using a commercially available quantitative enzyme-linked immunoassay test (IBD-Scan ® ; TechLab, Blacksburg, VA, United States). The techniques for measurement of fecal markers followed the manufacturer´s guidelines.
Postoperative disease activity of the neoterminal ileum was evaluated according to the modified Rutgeerts score [23] (i0: no lesions in the distal ileum; i1: < 5 aphthous lesions in the distal ileum; i2a: lesions confined to the ileocolonic anastomosis, including anastomotic strictures; i2b: > 5 aphthous ulcers or larger lesions, with normal mucosa in between, in the neoterminal ileum, with or without anastomotic lesions; i3: diffuse aphthous ileitis with diffusely inflamed mucosa; i4: large ulcers with diffuse mucosal inflammation or nodules or strictures in the neoterminal ileum). Postoperative recurrence was defined as a modified Rutgeerts score of ≥ i2b. EBD was performed if the patient presented an anastomotic stricture not traversed by the colonoscope, regardless of the patient's symptoms. All dilations were performed with the same type of colonoscope (Olympus ® CF type H180AL; Tokyo, Japan) under fluoroscopic control to allow the endoscopist to characterize the strictures, exclude peristricture fistulae, evaluate the optimal diameter of the balloon to use and to prompt identify any complication during the procedure. Dilations were performed with a guidewire (Boston Scientific ® Jagwire 0.035 in;
Marlborough, MA, United States) placed through the strictures [after contrast instillation through a catheter (Olympus ® Ball Tip/6Fr) over which a through-thescope balloon (Cook Medical ® , Bloomington, IN, United States) was placed]. The balloon was inflated using contrast agent and the pressure maintained for 2 min, to a maximum diameter of 18 mm.
The procedure could be repeated at the discretion of the endoscopist. Successful dilation was defined as passage of the colonoscope through the dilated stricture into the neotermimal ileum. Only patients with a successful dilation were analyzed, as progression to the neoterminal ileum was mandatory to evaluate disease recurrence. Major complications were defined as major bleeding requiring surgery, blood transfusion or hospital admission and perforation. Minor, selflimited bleeding was not registered as a complication. SPSS 20 .0 for Windows (SPSS, Chicago, IL, United States) was used for statistical analysis. Categorical variables were described as absolute frequencies (n) and relative frequencies (%); continuous variables were described as mean ± SD (parametric distributions) or as median and percentiles (non-parametric distributions). The normality of the continuous variables was tested using the Kolmogorov-Smirnov test and the respective histogram. Student's t-test was used to compare quantitative variables with a normal distribution, and the Mann-Whitney U test was used to compare the quantitative variables without a normal distribution. Any groups with more than two quantitative variables were compared using the Kruskal-Wallis test. A Pearson χ 2 test was used to compare categorical variables. Kaplan-Meier analysis with log rank statistics was used to estimate event-free interval. A logistic regression was performed to assess predictors of disease recurrence and need for dilation. Statistical significance was set at p < 0.05.
Statistical analysis

RESULTS
Patient characteristics
One hundred and seventy-eight consecutive CD patients (51.7% male; median age 46.4 years) who previously submitted to right ileocolectomy were evaluated by colonoscopy. At the time of endoscopic evaluation, 31 (17.4%) patients complained of subocclusive symptoms, and 66.3% of patients were being treated with immunomodulators and 38.2% with balloon diameter was used in 69.2% of the patients and the 15-mm diameter in 25.0%. Redilation was required in 14 patients (29.2%) during a median follow-up time of 34 mo (27.5-52.5 mo). During the follow-up period, only 2 patients needed surgery, both cases due to long strictures that did not allow EBD (Table 2) .
Fecal markers and endoscopic recurrence
Of the 48 successfully dilated patients, 22 presented with endoscopic recurrence defined as modified Rutgeerts score of ≥ i2b. Of these, 16 patients presented with severe disease (i3 = 3 and i4 = 13). Recurrence was diagnosed only after dilation of the anastomotic stricture and intubation of the neoterminal ileum. Comparing FC and FL levels in patients with endoscopic recurrence and in patients with endoscopic remission we found a significantly higher level in patients with endoscopic recurrence [FC: 257.0 μg/g, interquartile range (IQR): 161.0-565.0 μg/g) vs 53.9 μg/g, IQR: 23.9-146.0 μg/g; p < 0.001 and FL: 9.1 biologics.
Of the 178 evaluated patients, 58 (32.6%) presented with an anastomotic stricture. The majority were asymptomatic, with only 8 (13.8%) patients presenting with subocclusive symptoms. All patients were in clinical remission (HBI < 5 in 83.3%) or with mild clinical disease (HBI 5-7 in 16.7%). Among the 58 patients presenting with anastomotic stricture, 52 were dilated (6 were excluded due to deep ulceration, stricture size > 6 cm or technical inability). Of the total 52 dilated patients, 4 were excluded as it was not possible to evaluate the neoterminal ileum (Figure 1 ). Baseline characteristics of the 48 successfully dilated patients are summarized in Table 1 . The majority were men (54%) with a median age of 46.5 years. At the time of dilation, 42% of patients were being treated with biologics and 54% with immunomodulators.
EBD
Overall, technical success rate was 92% (48/52) and no major complications were recorded. The 18-mm (Table 3) . The best calculated cut-off value for FC to predict recurrent disease was 90.85 µg/g, with a sensitivity of 95.5%, a specificity of 69.2%, a positive predictive value (PPV) of 72.4%, a negative predictive value (NPV) of 94.7% and an accuracy of 81%. The area under the ROC curve for diagnosing endoscopic recurrence was 0.786 (95%CI: 0.646-0.926, p < 0.05) for FC. Concerning FL, the best calculated cut-off was 5.6 µg/ g, with sensitivity of 77.3%, specificity of 69.2%, PPV of 68%, NPV of 78.4% and accuracy of 72.9%. The area under the ROC curve for diagnosing endoscopic recurrence was 0.672 (95%CI: 0.511-0.834, p = 0.042) (Figure 3 ).
DISCUSSION
One of the major drawbacks of CD surgical therapy is the high recurrence rate of the disease at the anastomotic site or in the neoterminal ileum, with the development of stricture and bowel obstruction [8] . As the primary therapeutic goal of CD has shifted from clinical remission to achieving mucosal healing [4, 5] , it may be important to access the mucosa proximal to strictures to evaluate disease recurrence and escalate therapy if needed. The recently published POCER trial [16] demonstrated that initial postoperative treatment according to clinical risk stratification and early endoscopic evaluation and step-up therapy if there was recurrent disease was superior to standard medical therapy. In this study, endoscopy was the gold standard method to define recurrent disease. With respect to non-invasive methods, both serum biomarkers and clinical activity indexes have demonstrated a poor correlation with disease activity [24] [25] [26] . The use of fecal markers in the postoperative period has been studied in small groups of patients with variable results. Recently, however, some studies evaluated the value of fecal biomarker measurement after surgery for CD. In 2015, Wright et al [15] demonstrated that FC was sensitive enough to diagnosis CD recurrence in 135 patients submitted to bowel resection with a high enough NPV to reassure clinicians that few patients with recurrence would be missed. More recently, Lopes et al [27] showed that both FC and FL strongly correlated with endoscopic findings in the evaluation of CD after surgery and accurately predicted endoscopic recurrence in 99 CD patients who submitted to ileocolonic resection.
The results of both of these studies suggests that fecal biomarkers may be incorporated in the postoperative management algorithm, both to diagnose recurrence and to assess response to therapy. In our study, we evaluated if in asymptomatic CD patients with anastomotic strictures not traversed by the colonoscope, fecal markers perform as well as a predictor of disease recurrence, defining groups of patients that will need more invasive methods. In this series of 48 patients with strictures, only 18% complained of subocclusive symptoms. Similarly to what has been published [28] [29] [30] , we also did not find any correlation between patient symptoms, serum biomarkers and HBI and endoscopic or radiographic findings, supporting the belief that using only symptoms or C-reactive protein levels to inform treatment decisions may increase the risk of disease progression and complications.
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It is controversial whether or not asymptomatic strictures should be endoscopically treated. Despite being a safe and minimally invasive technique, there is a 3%-10%
[6,9,10] described risk of major complications, especially in centers with limited procedural volume per year. Our data confirmed the safety and efficacy of EBD in the context of CD anastomotic strictures, with a technical success rate of 92%. We had no serious complications, which may be explained by several factors: careful patient selection; use of fluoroscopic image to evaluate, in real time, stricture characteristics and the therapeutic procedure indicated; maximum diameter of the balloon used (18 mm); use of carbon dioxide as type of insufflation; and experience of the endoscopist performing the technique with a uniform technical approach. The dilation of the anastomosis allowed the diagnosis of recurrence in 22 patients, that otherwise would have been missed if we only relied on symptoms or biochemical markers. We used the modified Rutgeerts score to diagnose endoscopic recurrence, although it is not yet validated. Despite being used for several decades in clinical trials and clinical practice, the Rutgeerts score is also an invalidated score. In this study, we chose to use the modified Rutgeerts score, as demonstrated in a previous work [27] as having a better correlation between the modified score and fecal markers to diagnose recurrent disease. Recurrence was defined by a modified Rutgeerts score of i2b, not considering the presence of only anastomotic stricture as a criterion, as many other factors may be implicated in stricture development [1, 2] . In that paper [27] the calculated best cut-off level for FC for predicting recurrence was 100 µg/g, with a sensitivity of 74% and a NPV of 91%. 
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This is in accordance with other studies [15] that defined in the post-operative setting a higher cut-off than that of 50 μg/g used to diagnose inflammatory bowel disease [31] . In the present study, both FC and FL were also significantly higher in patients with endoscopic recurrence, with an area under the receiver operating characteristic curve for detection of endoscopic recurrence of 0.786 for FC and of 0.672 for FL. The best cut-off value of FC as predictor of recurrence was 90.85 μg/g, with sensitivity of 95.5%, NPV of 94.7% and accuracy of 81%. If we adopted the commonly used cut-off value of 7.25 μg/g for lactoferrin [32] [33] [34] , we would have missed patients with recurrence (false negative results). The cut-off value of 5.6 μg/g had sensitivity of 77.3%, NPV of 78.4% and accuracy of 72.9%. Our findings support the potential value of these two noninvasive markers in the monitoring of patients submitted to bowel resection and presenting with an anastomotic stricture.
Indeed, a FC and/or FL concentration lower than 90.85 μg/g and 5.6 μg/g respectively, have high accuracy to exclude disease recurrence, with no need to further therapeutic intervention. This may be of particular interest in centers with low expertise in EBD and/or with a lower procedural volume per year, in order to avoid complications and/or be used as an indication for referring patients to tertiary centers. If these results are reproduced and validated by others, in a large number of patients, this conservative strategy could be adopted, reserving balloon dilation for symptomatic patients and those with high levels of fecal markers, in order to facilitate step-up therapy.
To our knowledge this is the first report on the performance of FC and FL in the context of anastomotic strictures in CD. Our results suggest that low values of fecal markers can predict, with a great amount of certainty, disease remission. This may avoid application of endoscopic dilation in asymptomatic patients in centers with less endoscopic expertise, reassuring physicians that the use of fecal markers serves as a good indicator to monitor disease recurrence. The serial monitoring of FC and FL can help to make decisions in indeterminate results and a persistently elevated value may serve as another useful indicator when considering therapy intensification.
In conclusion, postoperative FC and FL levels accurately predicted endoscopic recurrence in the presence of anastomotic stricture. Considering that a significant number of patients remain asymptomatic, with normal serum biomarkers, despite the permanent reduction of luminal caliber, a normal value of fecal markers can reassure clinicians and be safely used to avoid balloon dilation if we only aim to diagnose recurrence. In asymptomatic patients with a high FC and/or FL level, there is a great chance of having disease activity proximal to the stricture, so EBD should be performed in order to provide adequate endoscopic therapy and adjust or optimize medical therapy.
COMMENTS
Background
Recurrent disease in the neoterminal ileum and anastomotic strictures are frequent complications of Crohn´s disease (CD). Despite the permanent reduction of luminal caliber and disease progression, the majority of patients remain asymptomatic. Fecal calprotectin (FC) and lactoferrin have been suggested as surrogate non-invasive markers for diagnosing postoperative disease recurrence. There are no studies evaluating the performance of fecal markers as predictors of disease recurrence in asymptomatic patients with an anastomotic stricture.
Research frontiers
The results demonstrated that FC and lactoferrin are good predictors of CD endoscopic recurrence in patients with asymptomatic anastomotic stricture and may guide the need for endoscopic balloon dilation in this context.
Innovations and breakthroughs
A normal value of fecal markers can reassure clinicians and be safely used to avoid balloon dilation if we only aim to diagnose recurrence. A high value of fecal markers has a high likelihood of recurrence, so endoscopic balloon dilation should be performed in order to provide adequate endoscopic therapy and adjust or optimize medical therapy.
Applications
Fecal markers may avoid the need of endoscopic balloon dilation in asymptomatic patients with anastomotic stricture if we only aim to diagnose disease recurrence.
Terminology
Calprotectin is a protein complex, constituting up to 60% of neutrophil cytosol 
COMMENTS
